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Abstract

BACKGROUND

Osteoporosis is an extrahepatic complication of primary biliary cholangitis (PBC)
that increases the risk of fractures and mortality. However, Epidemiological
studies of osteoporosis in patients with PBC in China and the Asia-Pacific region
is lack.

AIM
To assess the prevalence and clinical characteristics of osteoporosis in Chinese
patients with PBC.

METHODS

This retrospective analysis included consecutive patients with PBC from a tertiary
care center in China who underwent bone mineral density (BMD) assessment
using dual-energy X-ray absorptiometry between January 2013 and December
2021. We defined subjects with T-scores < -2.5 in any sites (L1 to L4, femoral neck,
or total hip) as having osteoporosis. Demographic, serological, clinical, and
histological data were collected. Independent risk factors for osteoporosis were
identified by multivariate logistic regression analysis.

RESULTS

A total of 268 patients with PBC [236 women (88.1%); mean age, 56.7 + 10.6 years;
163 liver biopsies (60.8%)] were included. The overall prevalence of osteoporosis
in patients with PBC was 45.5% (122/268), with the prevalence of osteoporosis in
women and men being 47.0% and 34.4%, respectively. The prevalence of
osteoporosis in postmenopausal women was significantly higher than that in
premenopausal women (56.3% vs 21.0%, P < 0.001). Osteoporosis in patients with
PBC is associated with age, fatigue, menopausal status, previous steroid therapy,
body mass index (BMI), splenomegaly, gastroesophageal varices, ascites, Mayo
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risk score, histological stage, alanine aminotransferase, albumin, bilirubin, platelet and prothrombin activity.
Multivariate regression analysis identified that older age, lower BMI, previous steroid therapy, higher Mayo risk
score, and advanced histological stage as the main independent risk factors for osteoporosis in PBC.

CONCLUSION
Osteoporosis is very common in Chinese patients with PBC, allowing for prior screening of BMD in those PBC
patients with older age, lower BMI, previous steroid therapy and advanced liver disease.

Key Words: Primary biliary cholangitis; Osteoporosis; Bone mineral density; Dual-energy X-ray absorptiometry; Prevalence;
Chinese

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this paper, we reported for the first large-sample study to explore the prevalence and potential risk factors for
osteoporosis in Chinese patients with primary biliary cholangitis (PBC). The prevalence of osteoporosis in Chinese patients
with PBC was 45.5%. Osteoporosis in PBC is strongly associated with older age, lower body mass index, previous steroid
use, the severity of liver disease, and advanced histological stage. This study provides reference information for future PBC-
related guideline development and public policy formulation in China and the Asia-Pacific region.
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INTRODUCTION

Primary biliary cholangitis (PBC, also known as primary biliary cirrhosis) is a chronic immune-mediated, progressive
cholestatic liver disease characterized by nonsuppurative destructive intrahepatic cholangitis focused on the small bile
ducts, which mainly affects middle-aged women over 40 years old, typically manifested as fatigue, pruritus and even
metabolic bone disease[1,2]. Currently, ursodeoxycholic acid (UDCA) is its first-line treatment drug, and untreated PBC
may eventually lead to cirrhosis and liver failure, requiring liver transplantation[3]. Moreover, PBC affects all races and
ethnicities with significant regional differences[1,4]. It is estimated that at least 1 in 1000 women older than 40 years
globally has PBC[5], and the prevalence and incidence of PBC in Europe and the United States are higher than that in the
Asia-Pacific region[6]. However, the prevalence of PBC in China ranks second only to Japan in the Asia-Pacific region and
is increasing[6].

Osteoporosis is a disease characterized by decreased bone density or bone loss, leading to an increased risk of fracture
[7]. The prevalence of osteoporosis in patients with PBC is at least three times that of age- or sex-matched controls[8,9].
Thus, osteoporosis is considered an extrahepatic complication of PBC[10]. Unlike increased bone resorption in postmeno-
pausal osteoporosis, osteoporosis in PBC is mainly caused by decreased bone formation[11]. Moreover, recently, a large
cohort study indicated that the risk of fracture and post-fracture mortality of PBC patients were significantly higher than
those of the control group in the general population[12]. Prevention and timely diagnosis of osteoporosis are key to
reducing the associated complications for patients with PBC. With the increasing prevalence of PBC, most likely due to
the improvement of diagnosis and awareness, it is likely that the incidence and prevalence of PBC-related osteoporosis
will also increase[11]. According to previous studies from Europe, Africa and North America, the prevalence of osteo-
porosis in patients with PBC is approximately 30% (range 20%-52%) and higher in postmenopause or advanced stages of
liver disease[8,9,13-18], and up to 44% of patients waiting for liver transplantation[16]. However, to our knowledge, in
China and other Asia-Pacific regions, the prevalence and clinical features of osteoporosis in patients with PBC, including
men and women, have not been well defined.

Therefore, this study aimed to investigate the prevalence and clinical features of osteoporosis and independent risk
factors associated with osteoporosis using bone mineral density (BMD) detected by dual-energy X-ray absorptiometry
(DEXA) in a large series of Chinese patients with PBC.

MATERIALS AND METHODS
Study design

We carried out a retrospective observational study of all consecutive PBC patients between January 2013 and December
2021 from Beijing Ditan Hospital, China. The baseline date was the first admission with a diagnosis of PBC and
completion of a BMD examination in the hospital. The study protocol was approved by the Ethics Committee of Beijing
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Ditan Hospital, Beijing, China (No. DTEC-KT2022-010-01).

The inclusion criteria were as follows: (1) Age greater than 18 years old; (2) at least two of the following: Elevated y-
glutamyl transpeptidase (GGT) or alkaline phosphatase (ALP), positive antimitochondrial antibody (AMA) or gp210,
sp100, and pathological features of non-suppurative cholangitis or small bile duct destruction[19]; and (3) complete BMD
examination using DEXA method at baseline. The exclusion criteria were as follows: (1) Alcoholic liver disease, non-
alcoholic fatty liver disease, viral hepatitis, drug-induced liver injury, or inherited liver disease; (2) liver transplantation,
liver cancer, or other malignant lesions; (3) evidence of intrahepatic or extrahepatic biliary obstruction; (4) severe cardiac
or renal insufficiency; (5) previous or current hormone replacement therapy; and (6) pregnancy or breast-feeding.

Data collection

A history of UDCA or steroid treatment, prior fractures, and comorbidities were recorded. Symptoms of chronic
cholestasis, such as fatigue and pruritus, and physical signs of liver disease, such as splenomegaly, hepatomegaly, edema
and ascites, were collected. Blood was collected for hematological, biochemical and immunological tests after an
overnight fast and tested at the Laboratory of Beijing Ditan Hospital using standard methods. These laboratory
parameters include serum bilirubin, albumin, ALP, GGT, calcium, phosphorus, creatinine, 25-hydroxyvitamin D,
aspartate aminotransferase, alanine aminotransferase (ALT), prothrombin activity (PTA), platelet count (PLT), immuno-
globulin G, serum immunoglobulin M, and autoantibodies [AMA, antinuclear antibody (ANA), anti-centromere antibody
(ACA), gp210, and sp100] were measured at the time of the first BMD examination. Age, smoking status, body mass
index (BMI), menopausal status, duration of PBC, histological stage, and cirrhosis status were recorded. Esophagogast-
roscopy and abdominal ultrasonography were also evaluated. The Mayo risk score (MRS) was calculated using the
previous algorithm[20]. The liver histological stage was determined according to Ludwig’s criteria[21].

BMD measurement

Certified technicians measured BMD at the lumbar spine (L1 to L4), femoral neck, and total hip using a DEXA scanner
(Lunar, GE Healthcare, United States). The diagnoses of osteopenia and osteoporosis were based on the World Health
Organization thresholds: T-score is between -1.0 and -2.5 and < -2.5, respectively[22]. T-score were presented as absolute
values (g/cm?) and the number of SD lower than the average peak value of young sex-matched normal individuals. Z-
score are also presented as the number of SD from normal values corrected for sex and age. We defined patients with T-
scores < -2.5 in any sites (L1 to L4, femoral neck, or total hip) as having osteoporosis[23].

Statistical analysis

All statistical analyses were performed using SPSS 20.0 (SPSS Inc., Chicago, IL, United States). Quantitative data are
expressed as mean * SD or median and interquartile range, and categorical data are expressed as frequencies with
percentages. Student t-test or Mann-Whitney U test was used to analyse differences in continuous variables. Chi-squared
or Fisher’s exact tests were used for categorical variables. The independent risk factor of significant variable associated
with osteoporosis with (P value < 0.05) in univariate analyses was determined using multivariate logistic regression with
the backward stepwise selection method (the criteria for entering and removing variables were P < 0.05 and > 0.10,
respectively). Statistical significance was defined as a two-tailed P value < 0.05.

RESULTS

Demographic and clinical characteristics

From January 2013 to December 2021, we retrospectively enrolled 268 subjects in the final analysis who had undergone
BMD examination by DEXA scanner from 1272 patients with PBC. Figure 1 summarizes the enrolment process. The
demographic, clinical, serological, histological, and BMD characteristics of all patients with PBC are shown in Table 1.
The mean age of the overall patients was 56.7 + 10.6 years (range 29-94 years). The ratio of women:men was 7.38:1. Liver
biopsies were performed in 60.8% of patients. Among the women, 73.7% were postmenopausal. Prior fractures had
occurred in 11 patients, including six vertebral fractures and five peripheral fractures. Compared with women, men PBC
patients had more smoker, UDCA-treated patients, fewer ACA positive, lower serum calcium, and higher serum
creatinine as well as BMD absolute value (all P < 0.05). However, there was no difference between men and women in the
T- and Z-score (P > 0.05).

Prevalence of osteoporosis

There were significant differences in the BMD value, T-score, and Z-score at any sites (L1 to L4, femoral neck, or total hip)
in patients with osteoporosis compared to those without (all P < 0.001) (Supplementary Table 1). The prevalence of
osteoporosis and osteopenia in the lumbar spine (L1 to L4), femoral neck and total hip were 40.3% and 35.8%, 29.1% and
45.9%, 16.8% and 47.4%, respectively (Table 1). Overall, the prevalence of osteoporosis was 45.5% (122/268) in all PBC
patients, considering the lowest BMD values at the lumbar spine, femoral neck and total hip (Table 1 and Sup-
plementary Table 2). The prevalence of osteoporosis 47.0% (111/236) was higher among women than among men 34.4%
(11/32), but it was not statistically significant (P = 0.177) (Supplementary Table 2 and Figure 2). The prevalence of
osteoporosis in postmenopausal women was significantly higher than that in premenopausal women (56.3% vs 21.0%, P <
0.001) (Supplementary Table 2 and Figure 2). The prevalence of osteoporosis was assessed according to age, cirrhosis
status, histological stage and BMI. Regardless of overall patients or only women patients, the prevalence of osteoporosis
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Table 1 Demographic, clinical, laboratory, and bone mineral density data in patients with primary biliary cholangitis

Characteristics Overall (n = 268) Men (n = 32) Women (n = 236) P value
Age (years) (range) 56.7 £10.6 (29-94) 60.0 £9.3 (38-79) 56.3 £10.7 (29-94) 0.059
Age group (years), 1 (%) 0.201
29-39 13 (4.9) 1(3.1) 12 (5.1)
40-49 53 (19.8) 2(6.3) 51 (21.6)
50-59 93 (34.7) 11 (34.4) 82 (34.7)
60-69 77 (28.7) 12 (37.5) 65 (27.5)
270 32 (11.9) 6 (18.8) 26 (11.0)
Duration of PBC (years) 3.0 (1.0-6.0) 4.0 (1.6-6.8) 3.0 (1.0-6.0) 0.246
Smoking, 71 (%) 20 (7.5) 17 (53.1) 3(1.3) <0.001
Postmenopausal, 1 (%) 174 (73.7) 174 (73.7)
Pruritus, 1 (%) 45 (16.8) 4 (12.5) 41 (17.4) 0.489
Fatigue, 1 (%) 91 (34.0) 10 (31.3) 81 (34.3) 0.731
Hepatomegaly, 2 (%) 9(3.4) 1(3.1) 8(3.4) 1.000
Splenomegaly, 1 (%) 187 (69.8) 20 (62.5) 167 (70.8) 0.340
Gastroesophageal varices, 1 (%) 110 (41.0) 14 (43.8) 96 (40.7) 0.740
Ascites, n (%) 103 (38.4) 11 (34.4) 92 (39.0) 0.615
Prior fractures, n (%) 11 (4.1) 0(0.0) 11 (4.7) 0.371
BMI (kg/m?) 226+33 221+£3.0 227+3.4 0.367
Comorbidities
Diabetes mellitus, n (%) 46 (17.2) 8 (25.0) 38 (16.1) 0.210
Hypertension, n (%) 58 (21.6) 7 (21.9) 51 (21.6) 0.973
Hashimoto's thyroiditis, 7 (%) 66 (24.6) 7 (21.9) 59 (25.0) 0.700
Rheumatoid arthritis, 1 (%) 8 (3.0) 0(0.0) 8 (34) 0.602
Sicca syndrome, 1 (%) 18 (6.7) 1(3.1) 17 (7.2) 0.706

Previous medication, 1 (%)

UDCA use 155 (57.8) 24 (75.0) 131 (55.5) 0.036
Steroid use 32 (11.9) 3(94) 29 (12.3) 0.633
Cirrhosis status, n (%) 0.661
Non-cirrhosis 107 (39.9) 15 (46.9) 92 (39.0)
Compensated 53 (19.8) 5 (15.6) 48 (20.3)
Decompensated 108 (40.3) 12 (37.5) 96 (40.7)
PBC-AIH overlap syndrome, 1 (%) 42 (15.7) 5 (15.6) 37 (15.7) 0.994
Mayo risk score 52+14 54+14 51+15 0.301
Histological stage, 1 (%)" 0.630
I-1I 65 (39.9) 6 (46.2) 59 (39.3)
-1v 98 (60.1) 7 (53.8) 91 (60.7)
Laboratory data
ALT (U/L) 36.2 (22.2-70.0) 42.8 (29.0-74.4) 35.8 (21.3-69.7) 0.236
AST (U/L) 46.4 (29.2-88.7) 39.2 (30.1-62.2) 48.1 (29.0-87.7) 0.642
Bilirubin (mg/dL) 1.1 (0.7-1.9) 0.9 (0.7-1.5) 1.1 (0.7-2.0) 0.708
Albumin (g/L) 37.2+6.6 35.5+6.0 374+6.6 0.124
Griewidege WIG | https://www.wignet.com 4583 August7,2023 | Volume29 | Issue29 |
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ALP (U/L) 157.2 (101.7-263.1) 166.3 (102.8-315.8) 156.5 (101.2-262.4) 0.747
GGT (U/L) 118.2 (48.0-276.3) 146.3 (52.3-321.2) 117.0 (47.6-276.3) 0.568
PTA (%) 93.0 +20.6 92.6+19.9 93.0 +20.8 0.922
PLT (x 10°/L) 140.2 £79.4 140.7 £ 80.1 136.2 +74.4 0.761
Calcium (mmol/L) 222+0.14 217 +0.16 223+0.14 0.018
Phosphorous (mmol/L) 1.14£0.24 1.09 £0.17 1.15+£0.25 0.201
25-hydroxyvitamin D (ng/mL)? 143+69 17.2+6.6 13.6+6.9 0.224
Creatinine (pmol/L) 56.4 (49.5-65.9) 67.1 (60.2-86.6) 55.0 (48.6-63.6) <0.001
IgM (g/L) 2.86 (1.60-4.40) 255 (1.16-4.14) 2.87 (1.64-4.49) 0.240
IgG (g/L) 15.3 (12.0-19.1) 15.0 (11.9-19.3) 15.6 (12.0-19.1) 0.674
gp210 (+), n (%) 99 (36.9) 10 (31.3) 89 (37.7) 0.477
Sp100 (+), n (%) 38 (14.2) 1(12.5) 34 (14.4) 0.772
ACA, 1 (%) 54 (20.1) 2(6.3) 52 (22.0) 0.037
ANA, 11 (%) 165 (61.6) 21 (65.6) 144 (61.0) 0.615

Lumbar spine BMD (L1-L4), g/cm? 0.828 +0.142 0.893 £ 0.146 0.818 £ 0.139 0.005
T-score -2.04+£1.27 -1.81+£1.31 -21+1.27 0.267
Z-score -0.929 +1.182 -1.18+1.33 -0.89+1.16 0.198
BMD classification, 1 (%) 0.536

Osteoporosis 108 (40.3) 10 (31.3) 98 (41.5)
Osteopenia 96 (35.8) 13 (40.6) 83 (35.2)
Normal 64 (23.9) 9(28.1) 55 (23.3)

Femoral neck BMD, g/cm? 0.654 +0.128 0.714 £0.139 0.646 +0.125 0.005
T-score -1.80+£1.12 -1.59£1.03 -1.83+1.13 0.262
Z-score -0.73 £1.02 -0.63 +0.99 -0.74 +1.03 0.590
BMD classification, 1 (%) 0.374

Osteoporosis 78 (29.1) 7 (21.9) 71 (30.1)
Osteopenia 123 (45.9) 14 (43.8) 109 (46.2)
Normal 67 (25.0) 11 (34.4) 56 (23.7)

Total Hip BMD, g/cm? 0.784 £ 0.153 0.855 +0.148 0.774 £0.152 0.005
T-score -1.42 +1.06 -1.19+£0.98 -1.45+1.07 0.198
Z-score -0.64 +0.98 -0.70 + 0.96 -0.63 +1.00 0.714
BMD classification, 1 (%) 0.601

Osteoporosis 45 (16.8) 5(15.6) 40 (16.9)
Osteopenia 127 (47.4) 13 (40.6) 114 (48.3)
Normal 96 (35.8) 14 (43.8) 82 (34.7)
Osteoporosis lumbar or neck or hip 122 (45.5) 11 (34.4) 111 (47.0) 0.177

1 Available in 163 patients.
2Available in 46 patients.

Data are presented as mean + SD or median (interquartile range) or n (%). ACA: Anti-centromere antibody; AIH: Autoimmune hepatitis; ALP: Alkaline
phosphatase; ALT: Alanine aminotransferase; ANA: Antinuclear antibody; AST: Aspartate aminotransferase; BMD: Bone mineral density; BMI: Body mass
index; GGT: y-glutamyl transpeptidase; IgG: Immunoglobulin G; IgM: Immunoglobulin M; PBC: Primary biliary cholangitis; PLT: Platelet count; PTA:
Prothrombin activity; UDCA: Ursodeoxycholic acid.

increased with age, cirrhosis status, and histological stage, but decreased with BMI (all P for trend < 0.001) (Sup-
plementary Table 2, Figures 2 and 3).
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Combined with hepatitis C infection (7 = 14)
Other reasons (7 = 100)
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¥ Patients did not finish BMD examination (7

PBC patients received BMD examination (7 = 268) =1004)
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Figure 1 The flowchart of patient enrolment. PBC: Primary biliary cholangitis; BMD: Bone mineral density.
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Figure 2 Prevalence of osteoporosis in different subgroups for overall patients with primary biliary cholangitis (n = 268). A: Sex; B: Age; C:
Cirrhosis status; D: Histological stage; E: Body mass index.

Risk factors of osteoporosis

Table 2 shows the results of univariate analysis of the association between osteoporosis and potential risk factors in
patients with PBC. In the univariate analysis, osteoporosis was correlated with older age, fatigue, postmenopausal status,
previous steroids use, splenomegaly, gastroesophageal varices, ascites, advanced histological stage (III or IV), higher MRS
and bilirubin levels, and lower BMI, ALT, albumin, PTA, and PLT regardless of overall or women patients (all P < 0.05).
However, there was no association between osteoporosis and other biochemical parameters or immunological indicators
such as immunoglobulin, gp210, sp100, ACA, PBC-autoimmune hepatitis (AIH) overlap syndrome, or extrahepatic
autoimmune diseases.

In multivariate analysis, older age [odds ratio (OR), 1.80; 95%CI (confidence interval): 1.33-2.44, P < 0.001] per 10 years,
gastroesophageal varices (OR, 2.11; 95%CI: 1.14-3.92, P = 0.018), lower BMI (OR, 0.85; 95%ClI: 0.77-0.93, P < 0.001),
previous steroid use (OR, 4.19; 95%CI: 1.66-10.56, P = 0.002), higher MRS (OR, 1.36; 95%CI: 1.08-1.71, P = 0.009) were the
independent risk factors associated with the presence of osteoporosis in all patients with PBC (Table 3). In addition, when
the histological stage was included in the multivariate analysis, higher bilirubin (OR, 1.20; 95%CI: 1.0-1.42, P = 0.044) and
advanced histological stage (OR, 3.74; 95%ClI: 1.60-8.77, P = 0.002) gained statistical significance, but the effects of
gastroesophageal varices, previous steroid use, and higher MRS were removed. When menopausal status was included in
the multivariate analysis (only for female patients), the splenomegaly (OR, 2.62; 95%CI: 1.18-5.80, P = 0.018) and postmen-
opausal (OR, 2.92; 95%CI: 1.02-8.38, P = 0.046) gained statistical significance. When both menopausal status and
histological stage were included in the multivariate analysis, advanced histological stage, older age, lower BMI, previous
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Table 2 Univariate analysis of risk factors for osteoporosis in overall and women patients with primary biliary cholangitis

Overall patients (n = 268)

Women patients (n = 236)

Variables Osteoporosis (1= No osteoporosis (n  Pvalue  Osteoporosis (1= No osteoporosis (n P value
122) = 146) 111) = 125)

Women, 1 (%) 111 (91.0) 125 (85.6) 0177 111 (100) 125 (100)
Age (year) 60.5£10.5 53.6+9.7 <0.001 60.4 £10.7 52.6+9.4 <0.001
Duration of PBC (year) 3.0 (1.0-7.0) 2.3 (1.0-5.0) 0.125 3.0 (1.0-7.0) 2.0 (1.0-5.0) 0.217
Smoking, 7 (%) 9 (7.4) 11 (7.5) 0.961 2(18) 1(1.6) 0.602
Postmenopausal, 7 (%) 98 (88.3) 76 (60.8) <0.001 98 (88.3) 76 (60.8) <0.001
Pruritus, 7 (%) 22 (18.0) 23 (15.8) 0.619 21 (18.9) 20 (16.0) 0555
Fatigue, 1 (%) 50 (41.0) 41 (28.1) 0.026 48 (43.2) 33 (26.4) 0.007
Hepatomegaly, 7 (%) 2(16) 7 (4.8) 0.188 2(18) 6 (4.8) 0.204
Splenomegaly, 1 (%) 103 (84.4) 84 (57.5) <0.001 96 (86.5) 71 (56.8) <0.001
Gastroesophageal varices, 72 (59.0) 38 (26.0) <0.001 66 (59.5) 30 (24.0) <0.001
1 (%)
Ascites, 1 (%) 67 (54.9) 36 (24.7) <0.001 61 (55.0) 31 (24.8) <0.001
Prior fractures, 1 (%) 8 (5.0) 3(2.1) 0.064 8(7.2) 3(24) 0.080
BMI (kg/m?) 21.6+32 234433 <0.001 21.8+31 234434 <0.001
Comorbidities

Diabetes mellitus, n (%) 23 (18.9) 23 (15.8) 0.503 20 (18.0) 18 (14.4) 0.450

Hypertension, n (%) 28 (23.0) 30 (20.5) 0.634 26 (23.4) 25 (20.0) 0.524

Hashimoto's 27 (22.1) 39 (26.7) 0.386 26 (23.4) 33 (26.4) 0.598
thyroiditis, n (%)

Rheumatoid arthritis, n 4 (3.3) 427) 0.796 4(3.6) 4(32) 0.864
(%)

Sicca syndrome, n (%) 8 (6.6) 10 (6.8) 0.924 8(7.2) 9(7.2) 0.998
Previous medication

UDCA use, 7 (%) 78 (63.9) 77 (52.7) 0.065 69 (62.2) 62 (49.6) 0.053

Steroid use, 1 (%) 23 (18.9) 9(6.2) 0.001 21 (18.9) 8 (6.4) 0.003
PBC-AIH overlap 17 (13.9) 25 (17.1) 0475 17 (153) 20 (16.0) 0.885
syndrome, 7 (%)
Mayo risk score 5.7 =15 47+13 <0.001 5714 46+1.2 <0.001
Histological stage, 1 (%) <0.001 <0.001

LI 10 (17.2) 55 (52.4) 9 (16.1) 50 (53.2)

-1V 48 (82.8) 50 (47.6) 47 (83.9) 44 (46.8)
ALT (U/L) 32.0 (20.8-54.8) 437 (23.7-84.4) 0.007 31.2 (20.5-31.2) 46.3 (29.1-84.4) 0.013
AST (U/L) 44.0 (29.1-83.7) 49,5 (29.2-91.5) 0.782 463 (29.1-84.4) 50.9 (28.7-91.5) 0.899
Bilirubin (mg/dL) 1.2 (0.8-2.40 0.9 (0.7-1.7) 0.002 1.2 (0.8-2.5) 0.9 (0.7-1.6) 0.001
Albumin (g/L) 355+6.9 38.7+59 <0.001 35.7+6.9 39.0+5.9 <0.001
ALP (U/L) 164.2 (110.8-266.3) 149.3 (94.4-261.5) 0.180 164.3 (112.3-265.0) 144.5 (93.6-257 4) 0.175
GGT (U/L) 107.7 (47.9-237.1) 143.1 (47.7-307.3) 0.320 108.5 (45.4-242.5) 129.1 (48.6-303.3) 0.432
PTA (%) 87.9£20.2 97.2+20.1 <0.001 87.6 +£20.2 97.8 £20.1 <0.001
PLT (x 10°/L) 1193 +£71.4 157.7 £81.7 <0.001 116.4 £ 67.4 162.4 £84.5 <0.001
Calcium (mmol/L) 2.20 £0.15 224 £0.13 0.065 2.21+0.14 224 +0.13 0.100
Phosphorous (mmol/L) 1.15+£0.30 1.14+0.17 0.703 1.15+0.31 1.15+0.17 0.869
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25-hydroxyvitamin D 14.0+738 14.5+6.2 0.823 14.1+8.0 134+538 0.748
(ng/mL)"

Creatinine (mol/L) 58.4 (47.2-67.5) 56.2 (50.6-65.4) 0.724 55.9 (46.9-67.5) 54.9 (49.9-60.7) 0.710
IgM (g/L) 2.80 (1.53-4.39) 2.87 (1.64-4.63) 0.497 2.87 (1.61-4.49) 2.93 (1.65-4.49) 0.776
IgG (/L) 15.7 (12.0-19.5) 152 (11.9-18.9) 0.453 15.7 (12.3-19.6) 153 (11.8-18.6) 0.420
gp210 (+), (%) 48 (39.3) 51 (34.9) 0.456 45 (40.5) 44 (35.2) 0.398
Sp100 (+), 7 (%) 19 (15.6) 19 (13.0) 0550 18 (16.2) 16 (12.8) 0.456
ACA, 1 (%) 30 (24.6) 24 (16.4) 0.098 29 (26.1) 23 (18.4) 0.153
ANA, 1 (%) 74 (60.7) 91 (62.3) 0.779 69 (62.2) 75 (60.0) 0.734

1 Available in 163 patients.

2Available in 46 patients.

Data are presented as mean + SD or median (interquartile range) or n (%). ACA: Anti-centromere antibody; AIH: Autoimmune hepatitis; ALP: Alkaline
phosphatase; ALT: Alanine aminotransferase; ANA: Antinuclear antibody; AST: Aspartate aminotransferase; BMI: Body mass index; GGT: y-glutamyl
transpeptidase; IgG: Immunoglobulin G; IgM: Immunoglobulin M; PBC: Primary biliary cholangitis; PLT: Platelet count; PTA: Prothrombin activity;
UDCA: Ursodeoxycholic acid.

Table 3 Multivariate analysis of risk factors for osteoporosis in overall and women patients with primary biliary cholangitis

Overall patients (n = Overall patients underwent liver ~ Women patients (n= Women patients underwent liver

_ 268) biopsy (n = 163) 236) biopsy (n = 150)
Variables
P P
OR (95%Cl) OR (35%Cl) P value OR (95%Cl) OR (95%Cl) P value
value value
Age, per 10 years 1.80 (1.33- <0.001 1.95(1.30-2.92) 0.001 1.63 (1.04- 0.035 2.02 (1.27-3.20) 0.003
2.44) 2.57)
Fatigue NS NS NS NS
Splenomegaly NS NS 2.62 (1.18- 0.018 NS
5.80)
Gastroesophageal 2.11 (1.14- 0.018 NS NS NS
varices 3.92)
Ascites NS NS NS NS
BMI 0.85 (0.77- <0.001 0.87 (0.77-0.98) 0.023 0.83 (0.75- <0.001 0.85(0.74-0.97) 0.014
0.93) 0.92)
Previous steroid use ~ 4.19 (1.66- 0.002 NS 4.01 (1.42- 0.009 3.99 (1.24-12.87) 0.020
10.56) 11.31)
Mayo risk score 1.36 (1.08- 0.009 NS 1.61 (1.22- 0.001 1.64 (1.12-2.41) 0.011
1.71) 2.14)
ALT NS NS NS NS
Bilirubin NS 1.20 (1.01-1.42) 0.044 NS NS
Albumin NS NS NS NS
PTA NS NS NS NS
PLT NS NS NS NS
Postmenopausal 2.92 (1.02- 0.046 NS
8.38)
Histological stage I1I 3.74 (1.60-8.77) 0.002 3.02 (1.13-8.06) 0.027
or IV

ALT: Alanine aminotransferase; BMI: Body mass index; CI: Confidence interval; NS: Not significant; OR: Odds ratio; PLT: Platelet count; PTA:
Prothrombin activity.

steroid use, and higher MRS were identified as independent risk factors for osteoporosis. However, menopausal status
and other variables, such as bilirubin, were not entered as independent factors of osteoporosis in the final model.
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Figure 3 Prevalence of osteoporosis in different subgroups for women patients with primary biliary cholangitis (n = 236). A: Postmenopausal
status; B: Age; C: Cirrhosis status; D: Histological stage; E: Body mass index.

DISCUSSION

To our knowledge, this observational study is the largest population study on BMD in PBC among currently published
studies, whether in China, the Asia-Pacific region, or globally. Moreover, this is the first large-sample study to explore the
prevalence and potential risk factors for osteoporosis in Asian patients with PBC. PBC patients with advanced stage
(Ludwig II/1V) had more than 2-fold increased risk of osteoporosis compared to patients with early stage (Ludwig I/1I).
The main independent risk factors identified for osteoporosis include older age, lower BMI, previous steroid use, liver
disease severity determined by the MRS, and advanced histological stage. These factors are consistent with those of
previous studies in Europe and the United States[8,9].

A recent meta-analysis indicated that the risk of osteoporosis increased by 1.8 times in PBC patients compared with
non-PBC participants[24]. Similar to this result, our study indicated a 2.3-time increased risk of osteoporosis in PBC
patients aged 40 years or older, accounting for 95% of the total patients, compared to age-matched controls in China[23].
However, by searching the literature, we found that since 2001, the prevalence of PBC osteoporosis evaluated by DEXA
has been verified in European, African, and American populations but not in Asian populations (Supplementary Table 3).
As is well known, genetic factors play a crucial role in the pathogenesis of PBC[1], it is imperative to explore the preva-
lence of PBC osteoporosis in Asian populations. The findings of our study fill the gap in the epidemiological data on PBC-
related osteoporosis in China and Asia. Notably, in our study, the prevalence of osteoporosis (45.5%) in PBC patients was
higher than that of PBC patients in Europe and America (approximately 30%). The reason for this difference may be
ethnic differences or a high proportion of patients with cirrhosis (60.1%) or decompensated cirrhosis (40.3%) in our study.
However, the prevalence of osteoporosis in noncirrhotic PBC patients (23.4%) in our study was similar to that reported in
Europe and the United States.

It has been recognized that glucocorticoid administration can significantly increase the risk of osteoporosis and bone
fragility[25]. Consistently, our study found that the osteoporosis rate of PBC patients previously treated with steroid was
significantly higher than that of patients without steroid treatment (71.9% vs 41.0%, P = 0.001). However, although many
patients in our study were treated with UDCA (64 %), it had no effect on the prevalence of osteoporosis. Previous studies
have also shown that the treatment of PBC itself has not been shown to improve BMD[10]. In addition, PBC-related
osteoporosis is strongly correlated with the severity of liver disease[8,9,14]. Our study results also showed that the more
severe liver disease determined by MRS and histological stage in PBC, the more prone the individual is to osteoporosis.
Moreover, the univariate analysis in this study demonstrated that osteoporosis in PBC was related to fatigue, higher
bilirubin, lower albumin, PTA, and features of portal hypertension, including splenomegaly, gastroesophageal varices,
ascites and thrombocytopenia, which are also common clinical indicators of liver disease severity. Moreover, although the
pathogenesis of hepatic osteodystrophy has not been clarified, it is generally believed that chronic cholestasis itself may
lead to bone loss in PBC patients[14]. Bilirubin inhibits the function of osteoblasts in vitro, which may be related to the
low bone formation rate of PBC patients[26]. In our study, bilirubin levels were also statistically significant when the
histological stage was considered as a variable in multivariate analysis. Similarly, Menon et al[9] found that higher
baseline bilirubin level rather than the histological stage was the only variable independently related to bone loss rate
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after 3 years of follow up[9].

In addition, lower BMI and older age are recognized risk factors for osteoporosis in postmenopausal women as well as
in the general population[27]. Our study also verified the association between lower BMI and older age in PBC and
osteoporosis, thus further proving that this may be associated with similar pathogenesis in the general population.
However, although the menopausal status was not statistically significant when including histological stage in our
multivariate analysis, it was selected as an independent indicator of osteoporosis when excluding histological stage from
the model, indicating that histological stage captured the impact of menopausal status when the two variables competed
in the model. Interestingly, lower ALT levels were also found to be related to a higher osteoporosis rate in the current
univariate analysis, which is similar to our previous study that indicated that the biochemical response rate of PBC
patients with lower ALT levels at baseline were worse than that of patients with higher ALT levels[28]. However, the
ALT level was not an independent factor of osteoporosis in multivariate analysis.

In addition, one advantage of our study was that it explored the correlation between immune indicators and PBC
osteoporosis, which has not been discussed in previous studies. Anti-gp210 and sp100 antibodies are two specific ANAs
for PBC diagnosis[2]. Previous studies showed that gp210-positive is associated with poor prognosis in PBC patients[29].
Meanwhile, PBC is an immune-mediated cholangitis with complex pathogenesis, which often occurs concomitantly with
PBC-AIH overlap syndrome and other extrahepatic autoimmune diseases such as sicca syndrome, rheumatoid arthritis,
and Hashimoto's thyroiditis[2,30]. However, our study showed that osteoporosis in PBC patients was not related to these
immunological features.

Up to now, the pathogenesis of PBC osteoporosis is still unclear. Most experts believed that it seems to be mainly
caused by reduced bone formation, although increased bone resorption may play a role in certain situations, such as in
post-menopausal women and patients with hypogonadism[10]. Osteoblast mediated bone formation and osteoclast
dependent bone resorption are two opposite processes that affect bone mass: when absorption exceeds formation, bone
mass will inevitably decrease, and this negative balance will lead to bone loss and osteoporosis[31]. Several studies
assessing bone histomorphometry have shown that most of the osteoporosis patients with PBC had reduced tetracycline
double labeling, bone formation rate, osteoblasts numbers, and reduced serum osteocalcin level, all of which indicate that
osteoblast dysfunction and bone formation deficiency are the core of the pathogenesis of PBC-related osteoporosis[32-
34]. In addition, other changes, increased levels of bilirubin and bile salts, and production of fibronectin may also reduce
bone formation by inhibiting the proliferation and survival of osteoblasts in PBC or cholestasis[26,35]. Other conditions of
PBC patients, including increased formation of osteoclast, low vitamin D levels, calcium malabsorption and sarcopenia,
may be contributing factors to the panorama of PBC osteopathy[31,33,36,37].

Nevertheless, our study has several limitations. First, despite being the largest DEXA-based BMD measurement cohort
of PBC to date, the sample size was relatively small, especially for men. Thus, it would be interesting and necessary to
explore the same objective for larger sample size with a fairly balanced number of women and men. Second, this was a
single-center, retrospective study. As a tertiary care center in China, our patients come from different regions of China
and may not be representative of those at primary or secondary medical institutions. Prospective studies in Chinese
populations may validate our findings. Third, a history of use of anti-osteoporosis treatments such as bisphosphonate,
Vitamin D, and calcium supplementation was not included in this study for the analysis of the factors influencing
osteoporosis. However, data on osteoporosis therapies related to PBC are insufficient and controversial, and the overall
quality of evidence is low[11]. Therefore, we do not think that receiving anti-osteoporosis treatments in the past affected
our results. In the future, it is necessary to conduct high-quality research and explore PBC specific therapies focused on
improving bone formation.

CONCLUSION

In summary, we found a significantly higher prevalence of osteoporosis in Chinese patients with PBC. Osteoporosis in
PBC is strongly associated with older age, lower BMI, previous steroid use, the severity of liver disease, and advanced
histological stage. Thus, this study contributes to identifying PBC patients who require early screening for BMD, and
potential interventions to diminish the risk of osteoporosis and fractures. This study may help to provide reference
information for the development and formulation of future PBC-related guideline and public health policy in China and
the Asia-Pacific region.

ARTICLE HIGHLIGHTS

Research background
Primary biliary cholangitis (PBC) is a chronic immune-mediated, progressive cholestatic liver disease. Osteoporosis is an
extrahepatic complication of PBC that increases the risk of fractures and mortality.

Research motivation
Although the prevalence of osteoporosis in PBC is high in Europe and North America, relevant epidemiological studies
of osteoporosis in patients with PBC in China and the Asia-Pacific region is lack.
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Research objectives
To assess the prevalence and clinical characteristics of osteoporosis in Chinese patients with PBC.

Research methods

We performed a retrospective observational study to evaluation the prevalence and risk factors of osteoporosis in Chinese
patients with PBC from a tertiary care center who underwent bone mineral density (BMD) assessment using dual-energy
X-ray absorptiometry between January 2013 and December 2021. Demographic, serological, clinical, and histological data
were collected. Independent risk factors for osteoporosis were identified by multivariate logistic regression analysis.

Research results

The prevalence of osteoporosis in Chinese patients with PBC was 45.5%. Osteoporosis in PBC is strongly associated with
older age, lower body mass index (BMI), previous steroid use, the severity of liver disease, and advanced histological
stage.

Research conclusions
Osteoporosis is very common in Chinese patients with PBC, allowing for prior screening of BMD in those PBC patients
with older age, lower BMI, previous steroid therapy, and advanced liver disease.

Research perspectives
This study provides reference information for future PBC-related guideline development and public policy formulation
in China and the Asia-Pacific region.
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